SEMICONDUCTOR PACKAGE 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
The present invention generally relates to a semiconductor package, 
and more pai*ticulai'ly, to a semiconductor package having a Ball Grid Array 
stx*uctxire. 

This application felies for priority on Japanese patent application. 
Serial Number 234614/1998, filed August 20, 1998, wluck is incox-porated 
herein by refex*ence in its entirety. 

DESCRIPTION OF THE RELATED ART 

An example of a conventional semiconductox* device using a BGA (Ball 
Grid Ai'ray) structure is shown in Fig. 1. As shown in Fig. 1, a semiconductor 
device 40 (i.e., semiconductor i>ackage) is made up of a printed circuit board 14, 
a semiconductor element 16 (e.g., a semiconductor chip) and a resin 13. 



The printed circviit board 14 has printed wirings formed on both firont 

» 

and back surfaces thereof and solder balls 12 which are arrayed along all sides 

«.* • 

of the printed circuit board 14 and are lectrically connected to the wirings of 
the back surface of the printed circmt board 14. The sexaiconductor element 16 
5 is placed on the front surface of the printed circxut board 14 so that a front 
surface 16a thereof on which circvdts are formed faces upward. The 
8 emicond victor element 16 is electrically connected to wirings formed on the 
printed circuit board 14 through bonding wires 18 made of gold. The resin 13 
protects the semiconductor element 16, bonding wires 18, and connection areas 
10 where the bonding wires 18 are connected to the wirings formed on the printed 
circuit board 14 from an external environment. 

Another conventional semiconductor device 42 which is intended to 
reduce a device thickness and size is shown in Fig. 2. In the semiconductor 
device 42, a semiconductor element 16 is placed on the front surface of a 
15 printed circuit board 14 bo that a surface 16a on which circuits are formed 
faces downward. Electrodes formed on the semiconductor element 16 are 
connected to electrodes on the printed circuit board 14 through solder bumps 
15. The space located between the svirface 16a and the printed circuit board 14 
is sealed by an insulating resin 13. 
20 In recent years, there has been a strong demand to further miniaturize 
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the 8 miconductor device. In. the cas of the Bemiconductor device 40 shown in 
Fig. 1, it is necessary to set the length of the bonding wire to a relativ ly long 
length to avoid the possibility where the bonding wire 18 is shorted to the 
semiconductor element 16 by physically contacting the edge of the 
semiconductor element 16. Therefore, it is also necessary to use a bonding wire 

m 

which has a relatively high wire-bond loop profile to avoid impei*fect contact or 
breaking of the wire. However, in such a technique, the relatively long bonding 
wii'e 18 causes the thickness of the resin 18 become greater than that of the 
printed cix'cuit board 14 and thus the total thickness of the semiconductor 
device 40 increases. This means that it is difficult to reduce the size of the 
semicondxictor device as a whole. 

In the case of the semiconductor device 40 shown in Fig. 2, the size of 
the pxunted cii^cuit boai'd 14 can be set to nearly the same as that of the 
semicondxictor element 16. However, since the bump electrodes, which are 
15 provided on the px'inted circuit board 14 or the semiconductox' element 16, are 
used for connecting the printed cix*cuit board 14 and the semiconductor^ element 

* 

16, this technique has an low manufacturing-efSciency and is less cost-effective 
when compared to the wire-bonding technique. 

Consequently there has been a need for an improved semiconductor 

20 device. 



SUMMARY OF THE INVENTION 
It is an object of the present invention is to provide a semiconductor 

package having a emaller size. 
5 It is another object of the present invention is to provide a raethod of 

fabricating a semiconductor package that may be reduced in overall size. 

It is another object of the present invention - is to provide a 

■ « 

semiconductor package that is well cost-effective to produce. 

It is another object of the present invention is to provide a 
10 semiconductor package that has a high manvifact\iring-efficiency. 

According to one aspect of the present invention, for achieving one or 
more of the above objects, there is provided a semiconductor package which 
includes a semicondxictor chip having a major surface and first pads formed on 
the major surface. The semiconductor package also includes a pack&ge 
15 substrate having (a) opposite first and second major surfaces, (b) a side surface 

t 

extending between the fii'st and second major surfaces, (c) a pad forming region 
adjacent to and along the side surface, (d) second pads formed on the pad 
forming region, (e) external electrodes formed on the first major surface of the 
package substrate, wherein the second major sui-face of the package substrate 
20 is fixed to the major surface of the semiconductor chip, and wherein the 



external electrodes are electrically connected to the second pads. The 
semicondudtor package further includes bonding wires electrically connecting 
the first pads to the second pads and a sealing material covering the bonding 
wires and first and second pads. 
5 The above and fiirther objects and novel features of the invention will 

more fully appear fi'om the following detailed description, appended claims, 
and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Fig. 1 is a cross sectional view showing a conventional semiconductor 

device. 

Fig. 2 is a cross sectional view showing a conventional semiconductor 

device. 

Fig. 3 is a top plan view showing a semiconductor device according to a 

m 

15 first pi'eferred embodjiment of the present invention. 

Fig. 4 is a cross sectional view taken on line 4-4 of Fig. 3. 
Fig. 5 is an expanded cx*oss sectional view showing a part of Fig. 4. 
Fig. 6 is a top plan view showing a semiconductor device according to a 
second j^referx'ed embodiment of the present invention. 
20 Fig. 7 is a toj^ pl^)^ view showing a semiconductor device according to a 
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Becond preferred embodiment of the present invention. 

Figf. 6 is a cross sectional view taken on line 8-8 of Fig. 7. 
Fig- 9 is a top plan view showing a semiconductor device according to a 
third preferred embodiment of the present invention. 
5 Fig. 10 is a top plan view showing a semiconductor device according to 

a foixrth preferred embodiment of the present invention. 

Fig. 11 is a cross sectional view taken on line 11-11 of Fig. 10. 
Fig. 12 is a top plan view showing a semiconductor element 16 
according to a fourth preferred embodiment of the present invention. 
10 Fig. 13 is a cross sectional view of another example of a foxarth 

« 

prefei*red embodiment of the present invention. 

Fig. 14 is a top plan view showing a semiconductor device according to 
a fifth preferred embodiment of the present invention. 

Fig. 15 is a ci-oss sectional view taken on line 15-15 of Fig. 14. 
15 Fig. 16 is a cr;oB& sectional view of another example of a fifth preferred 

embodiment of the resent invention. 

■ 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 First preferred embodimeiit 



A semiconductor device according to the present invention will be 
explained hereinafter with reference to Fig. 3 through Fig. 16. In order to 
simplify explanations, like elements are given like or corresponding reference 
numerals throxxgh this specification and figures. 

Fiff. 3 is a top plan view showing a semiconductor device according to a 
first preferred embodiment of the present invention. Fig. 4 is a cross sectional 
view taken on line 4-4 of Fig. 3, 

As shown in Fig. 3 and Fig. 4, the semiconductor device of the first 
preferred embodiment has a semiconductor element 16 (i.e., a semiconductor 
chip) and a wiring svibstrate 20 (i.e., a wiring board or a package substx^ate). 

The semiconductor element 16 has circuits, not shown in Fig. 3 and Fig. 
4, which ai*e formed in the center area of a fi^ont smface thereof and a pluraHty 
of electx'ode pads 16a (i.e., an electrode part) which are formed on the 
pei'ij>heral area of the fx-ont surface thex-eof. 

The wix*ing eubstx'ate 20, having the size that is accommodated inside 
the pex'ii>hex'al ax^ea of the semiconductor element 16, is fiixed on the center area 
of the semicondxictor element 16 by an insulating adhesive 30 (refer to Fig. 5). 
The wix'ing substx^ate 20 is electxically connected to the semiconductor element 
16 by bonding wix'es 18. An ax'ea (i.e., a bonding part) where the bonding wires 
18 and the semiconductox* element 16 ax'e connected to each othex* is sealed with 



a r sin 13 and thus the ar a is protected from an external environment. 

The wiling substrate 20 is preferably made of a processed two-layer 
board, which has a base material 22 (herein after a glass epoxy base) 
comprising a glass epoxy resin and copper foils formed on both surfaces of the 
base material 22. 

Fig. 5 is an expanded ci*oss sectional view showing a part of Fig. 4. 

As shown in Fig. 5, the wiring substrate 20 has electrode pads 24 which 
are formed on the front surface thereof and are used for solder balls 12 and 
wirings 21 which are prefex^ably made of the patterned copper foil formed on 
the back surface thereof The wirings 21 are electrically connected to the 
electrode pads 24 thi-oxigh conductive materials within through holes. A solder 
resist 26 is apphed to an area of the front sxirface of the wiring substrate 20 
where the electrode pads 24 are not formed. The solder resist 26 is also appUed 

» 

to the back sxu-face of the wiring substrate 20 including the wirings 21. The 
soldei' resist 26 protects the sxirfaces of the wirijag substrate 20. 

The wiring substrate 20 also has wiring pads 23, which are formed, on 
a i3ad foi-ming svirface 21a. The pad forming surface 21a is formed to remove 
the.coi>i)ei' foil of the fi'ont surface and the glass epoxy material 22 where they 

* 

ax'e located at the peripheral of the wiring substx'ate 20 by using a cutting tool, 
e.g., a cU'ill. The wirings 21 on the pad forming surface 21a iare plated with a 

8 



copper and tlius the plated portions thereof serve as the wiring pad^ 23. Bach 
of the wiring pads 23 and the wirings 21 is associated with respective electrode 
pads 16a. 

Next, a method of fabricating the semiconductor device according to the 
5 first preferred embodiment will be explained hereinafter. The method is also 
called a method of assembling the semiconductox* device. 

Fii'st, the rectangxilar semiconductor element 16 having the circuits, 
which are formed on the center area of the front svirface thereof, and the 
electrodes 16a, which are formed on the peripheral area of the front surface 
10 thex*eof, is pi-ovided. 

to 

* 

Next, the rectangxilar wiring substrate 20 having a length and breadth 
which is smaller than that of the semiconductor element 16 and which is 
accommodated inside the peripheral area of the semiconductor element 16 is 
j)r*ovided. 

15 Next, the wiring svibstrate 20 is fixed to about the center area of the 

semiconductor element 16 by applying the insulating adhesive 30 
thex-ebetween so that the front svirface of the semiconductor element 16 faces 
upwax'd. 

After that, the wix-ing pads 23 which are disposed along the peripheral 
20 of the wiring substrate 20 are wire-bonded to the electrodes 16a of the 

9 



semiconductor element 16 and thus they are electrically connected to each 
other. 

Finally, the resin 13 is flowed onto the peripheral area of the front 
surface of the semiconductor element 16. Therefore, the area where the 

\ 

bonding wires 18 exist is sealed with the resin 13, 

The semiconductor device is obtained from these steps. 
As e^qjlained above, in the first preferred embodunent, since the 
positione of the wiring pads 23 of the wiring substrate 20 are close to the front 
surface of the semiconductor element 16 or the distances between the 
electrodes 16a and the wiring pads 23 are decreased compared to the 
conventional semiconductor device, it is not necessary to consider the bonding 
wires 18 contacting the edges of the wiring sxibstrate 20. Therefore, the length 
of the bonding wires 18 can be shorter than those of the conventional 
semicondvictor device. As a result, bonding wires 18 having a relatively low- 
height wii-e-bond loop .profile can be used. This means that the possibility of 
impei'fect contact or breaking of wire can be reduced. 

Furthex'moi'e, the thickness of the X'esin 13 can be set within the 
thickness of the wiring substrate 20 because of the relatively low-height 
bonding wire 18. This means that the semiconductor device 40, having the 
thickness which cori'esponds to the thickness of the semiconductor element 16 

10 



and the wiring substrate 20 can be obtain d. 

• • • 

FuxthermOre, the semiconductor device having a length and breadth 
which is approximately identical to that of the semiconductor element 16 can 
be obtained. 

Furthermore, since only the periphery of the wiring substrate 20 is 



se 



aled with the resin 13, the sealing process can be done precisely and easily 



Second preferred embodiment 
A semicondvictor device according to a second preferred embodunent 
10 will be explained hereinafter with reference to Fig. 6 through Fig. 8. 

Fig. 6 and Fig. 7 are top plan views showing semiconductor devices 
according to the second preferred embodiment. Fig. 8 is a cross sectional view 

taken on line 8-8 of Fig. 7. 

The second preferred embodiment is directed to another method for 
15 fabricating the semiconductor device mentioned in the first preferred 
embodiment of the pi'esent invention. 

As shown in Fig. 6, the wiring substrates 20 are fixed by the insulating 
adhesive 30 to areas which are surrounded by the respective sets of electrodes 
16a in a state that a wafer 32 having the semiconductor elements 16 has not 
20 been separated into a plurality of pieces each having a respective one of the 

11 



semicoxiductox' elements 16. 

Then, tHe wiring pads 23 whicli are disposed along the peripheral of the 
wiring substrates 20 are wire-honded to the electrodes 16a of the 
semiconductor elements 16 and thus they are electrically connected to each 
other by the bonding wires 18. 

* 

After that, as shown in Fig. 5 and Fig. 6, the resin 13 is flowed onto an 
area between the wiring substrates 20 and into the sides of the outermost 
wiring substi^ates 20. Thus, the areas whez-e the bonding wires 18 are located 

« 

are sealed with resin 13. 

After cui'ing the resin 13, the wafer 32 is scribed and separated into the 
pieces each having a respective one of the semiconductor elements 16 and the 
wiling substrates 20. At this time, the semiconductor devices are obtained. 

As mentioned above, since the wiring substrates 20 are mounted on the 
respective semicondvictor elements 16 and the wiring pads 23 are wire-bonded 
to the electrodes 16a in the state that the wafer 32 has not been scribed, many 
8emicond\ictor elements 16 can be handled all at once. Since the resin 13 is 
flowed onto the jjeripheral ax^eas of the semiconductor elements 16 while the 
wafer 32 has not been sepai'ated into pieces, the scribing step can be the final 
step in obtaining the semiconductor devices. These means that an assembling 
period can be largely decreased and manufactui'ing-efficiency is improved. 

12 



Furthermore, appearance type failures do not occxir, which resvilt from 
an excess of resin hang^g down. 

Third preferred enibodijiient 
5 A semiconductor device according to a third preferred embodiment will 

be explained hereinafter with reference to Fig. 9. 

Fig. 9 is a top plan view showing a semiconductor device according to 
the third preferx-ed embodiment of the present invention. 

The third jsreferred embodiment is directed to another method for 
10 fabricating the semicond victor device mentioned in the first preferred 
embodiment of the pi'esent invention. 

As shown in Fig. 9, a x'ectangular wiring substrate 38, which includes a 
frame part 34 and the wiring svibstrates 20, is used in the third preferred 
embodiment. The resi^ective wiring substx^ates 20 are supported by supporters 

■ 

15 36a, 36b, 36c, and 36d at the respective center's of their sides. The wiring 
substi'ates 20 and th^ir svippox'ters 36a, 36b, 36c, and 36d are coupled in series 
by the frame part 34. 

First, the semiconductor elements 16 are successively fixed to the 

* 

wii'ing substrate from one end to the othex" end by the insulating adhesive 30 
20 (Fig. 5) so that the front sux-faces thex'eof contact the back surfaces of the 

13 



wiring Bubstrates 20. At this time^ the semicoiiductor elements 16 ar placed 
on tHe wiring substrates 20 so tHat tbe peripheral areas thereof on which the 
electrodes 16a are formed^ do not touch the wiring substrates 20 and the frame 
part 34. Also, they are placed on the wiring substrates 20 so that the electrodes 
5 16a do not touch the supporters 36a, 36b, 36c, and 36d or not overlap the 

« 

suppoi'ters 36a, 36b, 36c, and 36 d. 

Next, the wiring pads 23 are wire-bonded to the electrodes 16a from 
one end of the wiring substrate 20 to the other end of the wiring substrate 20 in 
sequence. 

10 After that, the resin 13 (Fig. 5) is flowed onto the sides of the wiring 

substrates 20 and the periphex'al of the semiconductor elements 16. Thus, the 

« 

ai'eas where the bonding wires 18 are located ai'e sealed with resin 13. 

* 

After curing the resin 13, the supporters 36a, 36b, 36c, and 36d are cut 
and thxiB the semicondxictor elements 16 and the wiring substrates 20 are 
15 sepai-ated into j)ieceQ. At this time, the semiconductor devices are obtained. 

As desci'ibed above, since the rectangular* wiring substx^ate 38 which 
includes the wiling svxbstrates 20 coupled in series by the frame part 34 is used 
in the third preferred embodiment, a well known conveyor or the like which 
has an intermittent working mechanism can be used to process the wiring 
20 substrates 20 so that the wii-ing substrates 20 are processed fr-om one end 



thereof to the other end thereof in sequence. That is, a highly manufacturing- 
efEciency can be achieved. 

Fiurthermore, since such a well known conveyor can be adopted to 
fabricate the semiconductor device and thus it is not necessary to invest in 
special and new plant machinery, the semiconductor device can be fabricated in 
a more cost-effective manner. 

Fourth preferred embodiment 
A semiconductor device according to a fourth preferred embodiment 
will be explained hereinafter with reference to Fig. 10 through Fig. 12, 

Fig. 10 is a top plan view showing a semiconductor device according to 
the fovu'tli ijrefei'recl embodiment. Fig. 11 is a cross sectional view taken on line 
n-11 of Fig. 10. Fig. 12 is a top plan view showing a semiconductor element 16 
(e.g., a semicondxictoi' chip) according to the fourth pi'eferred embodiment. 

As shown in E^ig. 10 through Fig. 12, the semiconductor device has a 
first wiring substi-ate 20a (i.e., a wiring board or a package substrate), a second 
wiring substx^ate 20b (i.e., a wiring board or a package substrate), a element 
protect board 28 (i.e., a package substrate), and a semiconductor element 16 
(i.e., a semiconductoi' chip) 

The element jjrotect boai*d 28 is prefex'ably made of a glass epoxy base 

15 



matex^ial and has a concav portion positioned at the center thereof. 

The second wirings substrate 20b has a frame shape and is stacked on 
the peripheral of the element protect board 28 so that the outer sides thereof 

* 

are respectively aHgned with corresponding outer sides of the element protect 
board 28. 

The semicond\ictor element 16 has inside electrodes 16a and outside 
electrodes 16b, which are aligned in two rows along each side thereof as 
illustrated in Fig. 10. The semiconductor element 16 is set into the concave 
portion of the element protect board 28. 

The first wiring substr^ate 20a, having a structure similar to that of the 
wiring substrate 20 in the fii'st preferred embodiment, is fixed onto the center 
of the front sxii'face of the semiconductor element 16 (i.e., an area svirx'ounded 
by the inside electi*odes 16a) by imillustrated insidating adhesive. 

The wiling pads 23a on the first wiring substrate 20a are wire-bond.ed 
to the inside electr9de8 16a and the wiring pads 23b on the first wiring 
substrate 20b are wii*e-bonded to the outside electrodes 16b. 

An area between the first wiring substrate 20a and the second wiring 
substrate 20b is filled with the resin 13. Thus, this area is protected from an 
external envii'onment. 

As will be explained below, the structuz^e of the second wiring substrate 
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20b is Bimilar to that of the wiring substrate 20. 

The second wiring substrate 20b is preferably made of a two-layer 
board which comprises a glass epoxy base and copper foils formed on both 
siarfaces thereof. A rectangular area, which is the center portion of the second 
5 wiring substrate 20b, is removed and thus it has the frame shape. 

* 

The second wii'ing substx-ate 20b has also electr-ode pads which are 
formed on the front svirface thei-eof and are used for the solder balls 12 and 
wirings which ax'e preferably made of a patterned copper foil formed on the 
back sux'face thereof. The wirings are electrically coxmected to these electrode 
10 pads thx-ough condxictive materials within thx'ough holes. 

An unillustrated solder x^esist is appUed on an area of the front surface 
of the second wix'ing sxibstrate 20b whex'e the electrode pads are not formed. 
The soldex' x*esist is also applied on the back siorface of the second wiring 

« 

Bxibstx'ate 20b including the wix'ings. The solder x^esist protects the surfaces of 
15 the second wix'ing substx*ate 20b. 

The second wix'ing substrate 20b also has wiring pads 23b, which are 
fox'med, on a pad forming svix'face 23c. The pad fox'ming surface 23c is formed by 
using a cutting tool (e.g., a dx'ill) to x'emove the copper foil of the front surface 
and the glass ej^oxy matexial at the inside edges of the second wiring substrate 
20 20b. Portions of the pad foi*ming svirface 23c are plated witli copper and tlius 
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the plated portions ther of serve as the wiring pads 23b. Each of the wiring 
pads 23b and the wirings formed on the back siirface of the second wiring 
substrate 20b is associated with a respective electrode pad 16b. 

In the element protect board 28, the concave portion thereof has a 
length and a bi'eadth which is shghtly larger than ibhat of the semiconductor 
element 16, and a depth which is substantially the same as the thickness of the 
semicond\ictor element 16. The outer dimensions of the element protect board 
28 and the second wiring substrate 20b are substantially the same. The second 
wiling svibstrate 20b is fbced to the element protect board 28 such that their 
outer edges ax-e aligned. Since the first wiring substrate 20a has the same 
sti'uctvu^e as the wiring substrate 20 of the first preferred embodiment, an 
explanation thereof is omitted here. 

Next, a method of fabricating the semiconductor device will be 
explained hereinafter. 

First, the rectangular* semiconductor element 16 having the circviits, 
which are fox^med on the center ai*ea of the £ront sxxrface thereof, and having 
the electrodes 16a and 16b, which are formed on the peripheral area of the 
front sux'face thex'eof, is px'ovided. 

Next, the x'ectangulax' wix'ing substi^ate 20a having a size which is 
smallex* than that of the semiconductox* element 16 and which is accommodated 
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inside the inside electrodes 16a is provided. 

Next, the first wiring substrate 20a is fixed to about the center area of 
the semicondvictor element 16 by applying the insulating adhesive 30 
therebetween so that the front surface of the semiconductor element 16 faces 
upward. 

« 

After that, the back surface of the semiconductor element 16 is adhered 
into the concave portion of the element protect board 28. 

Then, the wiring pads 23a which are disposed along the peripheral of 
the first wiring substrate 20a are wire-bonded to the inside electrodes 16a of 
the semicondxictor element 16 and the wiring pads 23b which are disposed 
along the inner sides of the second wiring substrate 20b are wire-bonded to the 
outside electi^odes 16b of the semiconductor element 16. 

Finally, the resin 13 is flowed into a space between the first wiring 
substrate 20a and the second wiring substx^ate 20b so that the surface thereof 
is level with the fx'ont Biu'faces of the first and second wiring substrates 20a 
and 20b. As a resxilt, the ax*ea where the bonding wires 18 are located is sealed 
with the x^esin 13 and thus the semiconductox' device is obtained. 

As mentioned above, the fourth px'eferred embodiment has the same 
advantage as that of the first px^efex'X'ed embodiment and an additional 
advantage as follows. 
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Since the second wiring substrate 20b havings wiring pads 23b are 
provided, a larger number of wiring pads than those of the first preferred 

* 

embodiment may be. provided on the semiconductor element 16. As a result, a 
large number of signals may be used in the semiconductor device and the 
nxmiber of pins (i.e., solder balls 12) can be increased. 

This means that moxxnting density on a motherboard, i.e., a PC board, 
on which the semiconductor devices or the like are mounted, may be increased. 
This means also that the number of semiconductor devices on the motherboard 

« 

can be incx^eased. (that is, high density can be achieved) 

Since the length and. breadth of the semiconductor device is 
substantially the same as that of the second wiring substrate 20b, the overall 
size of the semiconductor device is relatively small for a device having a large 
nvimber of wiring pads (i.e., solder balls). The overall size of the semiconductor 
device may be as small as possible. 

Furthermox'e, ,ajaother semiconductor device which has a larger nxunber 
of wix'ing i>Ads compax*ed to the conventional semiconductor device and which 
.may improve the mo\inting density is shown in Fig. 13. 

Fig. 13 is a cx'oss sectional view of another example of the fourth 
px-efex-red embodiment. 

The diffex'ence between Fig. 11 and Fig. 13 resides in locations where 

20 



the wiring pads 23a and wiring pads 23b are formed. That is, as shown in Fig. 

'If * 

13, the wiring pads 23a and 23b are formed on the front surfaces of the first 
wiring substrate 20a and the second wiring substrate 20b, respectively. In this 
case, providing the through holes and the conductive material within the 
5 throvigh holes which electrically cozmect between the solder balls 12 and the 

wiring i>ads 23a, 23b in the wiring substrates 20a, 20b is not necessary. 

Fxirthermore, the wiring pads 23a, 23b may be formed at the same time when 

the electi'ode pads for solder balls are patterned. Therefore, it is easy to 

produce the wiring substrates* 

10 

Fifth preferred embodiment 

A semiconductor device according to a fifth preferred embodiment will 

■ 

be explained hereinafter with refex^ence to Fig. 14 and Fig. 15. 

Fig. .14 is a toj^ plan view showing a semiconductor device according to 
15 the fifth pi'eferred emhodiment. Fig. 15 is a cross sectional view taken on line 
15-15 of Fig. 14. 

As shown in Fig. 14 and Fig. 15, one of the featxu'es of the fifth 
prefex'i'ed embodiment is to provide a wiring substrate 25 having openings 27a 
through 27d which are formed therein. The semiconductor element 16 is fixed 
20 on a back sui'face of the wiring substrate 25 so that its inside electrodes 16a 



and outaide electrodes 16b are positioned at areas where the openings 27a 
through 27d are located. THe solder .balls 12 are also formed on the back 
sxxrface of the wiring substrate 25. The thickness of th semiconductor device 
can be reduced by this structure. 

The wiring substrate 25 is preferably made of a two-layer board which 
comprises a glass epoxy base and copper foils formed on both sxirfaces thereof 
The wiring pads 25a and 25b are formed on a front sxirface of the wiring 
substrate 25 and disposed adjacent to and along the sides of the openings 27a 
thi'ough 27d respectively. Wirings 29, which are obtained by patterning the 
copper foil, are formed on the front surface of the wiring substrate 25. Inside 
wiring pads 25a and the outside wiring pads 25b are electrically connected to 
the corresponding solder balls 12 thi-ough conductive materials within through 
holes, which are defined in the wiring substrate 25. 

* « 

Since the semiconductor element 16 has the same structvire as that of 
the semiconductor element 16 of the fourth preferred embodiment, an 
explanation thei*eof is omitted here. 

Next, a method of fabx-icating the semiconductor device will be 
explained hei^einafter. 

First, the rectangular semiconductor element 16 having the circuits, 
which are formed on the center ai-ea of the front surface thereof, and having 
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the inside electrod s 16a and the outside electrodes 16b, which are formed on 
the peripheral ar«a of the fi«>nt surface thereof, ia provided. 

Next, the wiring substrate 25 having the openings 27a through 27d is 
provided. 



Next, the semiconductor element 16 is adhered onto the center 



area on 



the back surface of the wiring substrate 25 by appljdng the insxdating adhesive 
therebetween so that the inside electrodes 16a and the outside electrodes 16b 
are positioned at areas where the openings 27a through 27d are located. 

After that, the inside wiring pads 25a which are disposed adjacent to 
and along first sides of the openings 27a through 27d are wire-bonded to the 
inside electrodes 16a of the semiconductor element 16, and the wiring pads 25b 
which are disposed adjacent to and along second sides of the openings 27a 
through 27d are wire-bonded to the outside electrodes 16b of the semiconductor 
element 16. 

15 Finally, the reein 13 is flowed into the openings 27a through 27d and 

theix' periphery (i.e., on the inside and outside wiring pads 25a and 25b). As a 
resvilt, the ax*ea where the bonding wires 18 are located is sealed with the resin 
13 and thus the semiconductor device is obtained. 



The fifth prefei^red embodiment has advantages which are explained as 



20 follows. 
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Since the wiring substrate 25 havingr openings 27a though 27d for 
exposing the inside and outsid electrodes 16a, 16b is provided, and the solder 
balls 12 are formed on the back surface of the wiring substrate. 25 on which the 
semiconductor element 16 is located, the total thickness (i.e., stack height) of 
the semicondxictor device when it is assembled on the mother board or the like 
can be obtained by combining the thickness (i.e., height) of the solder ball 12 to 
the thickness of the wiring substrate 25. This means that a thinner package 
can be obtained. 

Fxu'thermore, a lager number of inside and outside wiring pads 25a, 

m • 

25b may be disposed along the openings. As a result, a large number of signals 
may be xised in the semiconductor device and the niunber of pins (i.e., solder 
balls 12) can be increased. 

This means that mounting density on the motherboard, i.e., a PC board, 
on which the semiconductoi' devices or the like are moimted, may be increased. 

* 

Thxis, the number of semiconductor devices on the motherboard can be 
increased, (that is, a high density is achieved) 

The overall size of the semiconductor device may be as small as 
possible, because the length and breadth of the semiconductor device is 
substantially the same as that of the wiring substrate 25. 

Fui'thermore, anothei' semiconductor device having a thickness which 
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is thiimer than that of the semiconductor device shown in Fig. 16 is shown in 
Fig. 16 as another' example of the fifth preferred embodiment. 

The difference between the semiconductor device as shown in Fig. 15 
and that shown in Fig. 16 resides in the structure of the wiring substrate. 

The wiring substrate 26 has wiring pads SSa^ 25bj which are formed, on 
pad forming sm-faces 33a, 33b respectively. The pad foiming smfaces 33a, 33b 
are formed by xising a cutting tool (e.g., a drill) to remove the copper foil of the 
front surfaces and the glass epoxy materials at the periphery of the openings 
27a, 27b of the wixing substx^ate 26. Portions of the pad forming surfaces 33a, 
33b are plated with a copper and thus the plated portions thereof serve as the 
wiring i:>ads 25a, 25b. This Btrvict\ire is similar to that of the wiring substrate 
20 as shown in Fig. 5. 

In this case, since the sealed portions sealed with the resin 13 may be 
confined within the openings 27a through 27b, it is possible to prevent the 
solder balls 12 from being covered by the resin 13. Fvu'thermore, the sm-face of 
the resin 13 in the front side may be positioned inside the front sm'face of the 
wiring substrate 26. This means that a semiconductor device having a 
thickness which is thinner than the seraiconductor device shown in Fig. 15 may 
be obtained. 

Furthermore, it is not necessaiy to provide the through holes and the 



conductive materials witliiii the through holes which electrically connect 
between the solder balls 12 and the wiring pads 25a, 25b in the wiring 
substrate 26. Fxirthermore, the wiring pads 25a, 25b may be formed at the 
same time when the electrode pads for solder balls 12 are patterned. Therefore, 
5 it is easy to produce the wiring substrate 26. 

As detailed above, the pi-esent invention may provide the 
semicondtictor device having a size which is smaller than that of the 
conventional semiconductor device and having less manufactxiring cost. 

Fxirthermoi-e, the present invention can provide the method of 
10 fabiicating such a device. 

While the prefei-red form of the present invention has been described, it 
is to be vmderstood that modifications will be apparent to those skilled in the 
art without departing from the spirit of the invention. 

■ 

The scope of the invention, namely, is to be deterniined solely by the 
15 following claims. 
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